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© Optical amplifier gain control. 



© The gain of an optical amplifier is maintained 
constant by employing a portion of the amplified 
optical signal in a feedback loop. In one arrangement 
this is used to control the output of a pump signal 
source (2) accordingly. The portion of the said signal 
corresponds to spontaneous emission (ASE) at a 
^control wavelength or band of wavelengths different 
^to the wavelength of the optical signal output. In the 
case of an erbium, for example, optical fibre am- 
j^plifier (1) the portion is preferably ASE at 980nm, the 
^amplified signal being at 1.535 urn, i.e. completely 
different transitions in the amplifying medium are 
gjused for gain and ASE feedback in order to lessen 
{^requirements on the filter used to extract the portion 
^for the feedback loop. 
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OPTICAL AMPLIFIER GAIN CONTROL 



This invention relates to optical amplifiers and 
in particular to optical amplifier gain control. 

For any systems application using an optical 
amplifier some form of control loop is required to 
stabilise device gain. This has been achieved with 
semiconductor amplifiers by monitoring the diode 
junction voltage, a technique not applicable to fibre 
amplifiers, for example. 

According to one aspect of the invention there 
is provided an optical amplifier with automatic gain 
control including an input port for an opticaj signal 
to be amplified and means for achieving amplifica- 
tion of the optical signal characterised by means 
for extracting a portion of the amplified signal, an 
output port for the remainder of the amplified op- 
tical signal, and feedback loop means for employ- 
ing the extracted portion whereby to maintain the 
output amplified optical signal constant, the ex- 
tracted portion comprising spontaneous emission at 
a control wavelength, or band of wavelengths, dif- 
ferent to the wavelength, or band of wavelengths, 
of the output amplified optical signal. 

According to another aspect of the invention 
there is provided a method of controlling the gain 
of an optical amplifier including the step of am- 
plifying an optical signal to be amplified and 
characterised by the steps of extracting a portion of 
the amplified optical signal and employing it in a 
feedback loop such as to maintain the gain of the 
amplified optical signal at a constant value, the 
extracted portion comprising spontaneous emission 
at a control wavelength, or band of wavelengths, 
different to the wavelength, or band of wavelengths, 
of the amplified optical signal. 

Embodiments of the invention will now be de- 
scribed with respect to the accompanying draw- 
ings, In which 

Fig. 1 Illustrates the ASE (amplified sponta- 
neous emission) spectrum of erbium; 

Fig. 2 is a graph of gain versus ASE noise 
power at 1.551 urn; 

Fig. 3 illustrates a basic automatic gain con- 
trol arrangement; 

Fig. 4 illustrates a graph of total ASE at 980 
nm versus amplifier gain, and (inset) the fluores- 
cence spectrum of erbium in the vicinity of 980 
nm; 

Fig. 5 illustrates an alternative automatic gain 
control arrangement, and 

Fig 6 illustrates an automatic gain control 
arrangement for a semiconductor amplifier. 

All optical amplifiers generate amplified sponta- 
neous emission (ASE). An ASE spectrum for an 
erbium fibre amplifier is shown in Rg. 1. Outside of 
the 4 nm gain window centred on 1.536 urn lies a 



small ASE band centred on around 1.551/um. The 
noise power at this latter wavelength is strongly 
dependent on the amplifier gain as indicated in Fig. 
2, i.e. the intensity of spontaneous emission from 
5 the amplifier is dependent on amplifier gain. The 
signal at 1.551 urn can be used to form the basis 
of a gain control loop of the form illustrated in Fig. 
3. 

The arrangement of Rg. 3 comprises an er- 

io bium doped fibre 1 , a pump laser 2, a wavelength 
multiplexer 3 which multiplexes the pump laser 
output and an input optical signal which is to be 
amplified and is input at port 4, a pump/signal 
demultiplexer 5, which serves to split off a small 

75 portion of the output signal and ASE at 1.5 urn as 
well as to remove excess pump light, an output 
port 6 for the amplified optical signal, a band-pass 
filter 7, a detector 8, an amplifier 9 and a feedback 
loop 10. The optical signal to be amplified is Input 

20 via port 4,multiplexed with the optical pump signal 
output from laser 2 and amplified in the erbium 
doped fibre 1 . A small proportion of the amplified 
signal output^ from fibre 1 is split off. This can 
conveniently be achieved by a fused fibre coupler 

25 indicated for the pump/signal demultiplexer 5. The 
band-pass filter 7 suppresses the amplified signal 
at 1.536 /xm to isolate the 1.551 urn signal. This 
latter signal, which is employed as a control signal, 
is detected by detector 8, amplified at 9 and ap- 

30 plied to the feedback loop 10 whose output is 
applied to the pump laser 2 and serves to vary the 
pump output power to maintain constant gain Le. 
constant intensity of the spontaneous emission. 
Thus in this arrangement amplifier gain at 

35 1.535 um is monitored by monitoring ASE in the 
low gain 1.551 um centred window and the latter is 
used to keep the amplifier gain constant by means 
of the feedback loop which varies the power of the 
pump (amplifier pump power) accordingly. 

40 One possible variant of this arrangement is to 

simply monitor the total amplified signal output 
power from the fibre amplifier by taking a small 
proportion of it and using it in a simple feedback 
loop to control the pump power to keep the am- 

45 plifier output power constant. Thus in a repeatered 
submarine optical fibre cable system, for example, 
the output power from each amplifier is monitored 
and used to vary the associated pump power to 
keep the total output power constant. Whilst this 

so may be attractive because terminal wavelength sta- 
bility is relaxed, there is a major drawback in that 
the ASE will build up along the system length and 
this will strongly influence amplifiers near the end 
of the chain. 

The first mentioned arrangement employed the 
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ASE of erbium at 1.551 um whereas the gain 
window was centred on 1.535 urn, and difficulties 
arise due to the nearness of these two 
wavelengths. Now, ASE is also produced by er- 
bium at 980 nm (see the inset in Fig. 4) and this 
has been found also to vary with amplifier gain as 
indicated in Fig. 4 with the result that this ASE at 
980 nm can be employed to maintain amplifier gain 
constant. Fig. 5 illustrates an AGC arrangement 
which uses ASE at 980 nm for an erbium-doped 
fibre amplifier whose gain window is centred on 
1.535 nm. The arrangement of Fig. 5 is similar in 
various respects to that of Fig. 3. one major dif- 
ference being that the narrowband filter (band-pass 
filter) 7 is replaced by a broadband filter, which is 
illustrated as a dichroic fused fibre coupler 17 
which outputs at 980 nm or 1 .535 um as illustrated. 
Another possible option to this and other arrange- 
ments is the incorporation of a second pump laser 
12 which is also controlled by the feedback loop 
10. This serves to reverse as well as forward pump 
the amplifier fibre and to keep the pump signal 
within the loop. An extra item in the arrangement of 
Fig. 5 is a further pump/signal multiplexer 13. The 
arrangement of Fig. 5 thus optically amplifies an 
input optical signal and simultaneously controls the 
optical gain to a predetermined value. The ASE at 
980 nm is detected by detector 18 and is not 
transmitted out of the loop. In the case of a chain 
of such amplifiers linked by 1.55 um transmitting 
optical fibre as in a repeatered submarine system, 
any 980 nm ASE from a previous stage would be 
attenuated strongly since it lies outside the trans- 
mission windows of the fibre. 

The arrangement of Fig. 3 thus uses amplified 
spontaneous emission (ASE) produced in the gain 
band width to provide feedback, for example with 
Er 3 , ASE emission at 1.551 um and a main gain 
peak at 1.535 um. The arrangement of Fig. 5, 
however, uses ASE produced from a completely 
different transition in the amplifying medium, this 
being applicable mainly to rare-earth and transition 
metal doped fibres, to provide the feedback signal, 
for example with ER 3+ gain is obtained from the 
*Ii3c-*Mib* transition, whereas the ASE is from the 
4 lii72-**li5/2 transition at 980 nm. 

Whereas the above has basically referred to 
erbium-doped fibre amplifiers the arrangements are 
applicable to any optical amplifiers, for example 
laser fibre, Raman or semiconductor, all that is 
required is the existence of a sufficiently broad 
spontaneous emission band spaced apart from the 
employed gain band. Instead of Er 3 * other rare 
earth dopants can be used e.g. Nd 3 \ Tm 3 \ Yb 3 * 
which have spontaneous emission from energy lev- 
els other than those associated with the gain 
wavelength. 

The basic technique employed above is that by 



sensing ASE from the amplifier, the gain at a 
wavelength different from that being sensed can be 
determined, e.g. ASE at 980nm or 1.551um and 
gain at 1 .535um in the examples described. In the 
5 above amplifying fibre cases, the pump's power 
into the amplifying fibre is adjusted to maintain the 
spontaneous emission constant, thereby achieving 
automatic gain control 

As mentioned previously the above arrange- 
to ments are also applicable to semiconductor amplifi- 
ers, the latter exhibiting a broad spectrum of spon- 
taneous emission (50-1 OOnm), and a particular ar- 
rangement for semiconductor amplifiers is shown in 
Fig 6. In this case the aim is to split off a narrow 
75 spectral portion of the spontaneous emission (see 
inset in Fig 6) and vary the bias to the semicon- 
ductor amplifier 20 to maintain this constant, in 
much the same way as the pump laser 2 Is ad- 
Justed in the fibre amplifier arrangements. Fig 6 
20 shows a basic arrangement for achieving this. The 
semiconductor amplifier is applied to a wavelength 
splitting element 21 which spirts off the control 
spectral portion (see inset). This is detected by a 
photodetector arrangement 22 whose output is ap- 
25 plied to the amplifier 20, via a comparator 23, to 
vary the bias on the amplifier 20 to maintain the 
selected, portion of the spontaneous emission con- 
stant. 

A disadvantage of optical amplifier is that they 
30 produce crosstalk between multiple signals and the 
problem is particularly severe with semiconductor 
amplifiers. If the bandwidth of the feedback Is suffi- 
ciently large i.e. greater than the signal bandwidth, 
the automatic gain control of the present invention 
35 will suppress crosstalk between multiple signals by 
clamping the gain, thus obviating the aforemen- 
tioned disadvantage. 



40 Claims 

1 . An optical amplifier with automatic gain con- 
trol including an input port (4) for an optical signal 
to be amplified and means (1) for achieving am- 

45 plification of the optical signal characterised by 
means (5) for extracting a portion of the amplified 
signal, an output port (6) for the remainder of the 
amplified optical signal, and feedback loop means 
(7, 8 f 9, 10, 2) for employing the extracted portion 

50 whereby to maintain the output amplified optical 
signal constant, the extracted portion comprising 
spontaneous emission at a control wavelength, or 
band of wavelengths, different to the wavelength, or 
band of wavelengths, of the output amplified optical 

55 signal. 

2. An optical amplifier as claimed in claim 1 
characterised by an optical pump signal source (2) 
and means (3) for combining the optical signal to 
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be amplified and the optical pump signal for am- 
plification of the optical signal. 

3. An optical amplifier as claimed in claim 2 
characterised in that the means to employ the 
extracted portion comprise detector means (8) to s 
convert the extracted optical signal to a corre- 
sponding electrical signal, means (9) to amplify 
said electrical signal and an electronic feedback 
loop (10) to which said amplified electronic signal 

is applied and which produces an output employed io 
to drive the pump signal source (2) in such a 
manner as to maintain the amplifier gain constant. 

4. An optical amplifier as claimed in any one of 
the preceding claims characterised in that the am- 
plification is achieved in a length of amplifying 75 
optical fibre (1). 

5. An optical amplifier as claimed in claim 3 
characterised by a second optical pump signal 
source (12) which is driven by the electronic feed- 
back loop (10) and whose optical output is coupled 20 
to the means (1) wherein amplification is achieved 

for reverse pumping thereof. 

6. An optical amplifier as claimed in claim 1 
characterised in that the amplification means com- 
prises a semiconductor amplifier (20) and the ex- 25 
traction means comprises a wavelength splitting 
element (21), and including means (22, 23) to vary 

the bias to the semiconductor and amplifier (20) 
such as to maintain the split-off portion constant. 

7. A method of controlling the gain of an optical 30 
amplifier (1) including the step of amplifying an 
optical signal to be amplified and characterised by 

the steps of extracting a portion of the amplified 
optical signal and employing it in a feedback loop 
(10) such as to maintain the gain of the amplified 35 
optical signal at a constant value, the extracted 
portion comprising spontaneous emission at a con- 
trol wavelength, or band of wavelengths, different to 
the wavelength, or band of wavelengths, of the 
amplified optical signal. 40 

8. A method as claimed in claim 7 charac- 
terised by including the step of combining the 
optical signal to be amplified with an optical pump 
signal, applying said combined signals to a length 

of amplifying optical fibre (1) whereby to achieve 45 
said amplification, and employing said extracted 
portion to drive a source (2) of the optical pump 
signal whereby to maintain said gain constant. 

9. A method as claimed in claim 7, charac- 
terised by including the step of applying said op- 50 
tical signal to a semiconductor amplifier (20) for 

said amplification and employing said extracted 
portion to vary the bias on the semiconductor am- 
plified whereby to maintain said extracted portion 
constant. 55 
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